Testicular adrenal rest tumors (TARTs) are presumably derived from ectopic adrenocortical tissue in the testis, affecting up to 49% to 94% of males with congenital adrenal hyperplasia (CAH) due to 21-hydroxylase deficiency. Few reports have described TARTs in rarer forms of CAH such as 3b-hydroxysteroid dehydrogenase type 2 deficiency (3bHSD2D). A man with 3bHSD2D presented with massive bilateral testicular tumors. He had been treated with glucocorticoids and mineralocorticoids since infancy, with difficulties in suppressing dehydroepiandrosterone sulfate. At the age of 13 years, bilateral testicular lumps were found, and a radiologic diagnosis of TARTs was proposed. Subsequent sonographic examinations showed progression, despite intensifying his glucocorticoid therapy with metabolic complications. Following an open testicular biopsy, concerns of a Leydig cell tumor and risk of malignant transformation were raised, and because the patient also had local symptoms and azoospermia, he underwent bilateral orchiectomy at age 33 years. Histopathology was consistent with bilateral TARTs, exhibiting widespread immunoreactivity for adrenocortical markers, whereas no histological features of Leydig cell tumors were seen. The distinction between TARTs and Leydig cell tumors is important but can be challenging, and in our case, orchiectomy was needed to rule out the latter diagnosis. TART should be considered a differential diagnosis also in patients with 3bHSD2D who have testicular lumps. Freeform/Key Words: 3b-hydroxysteroid dehydrogenase deficiency, congenital adrenal hyperplasia, fertility, sperm quality, testicular adrenal rest tumors Congenital adrenal hyperplasia (CAH) is an inherited disorder of steroidogenesis that, in more than 95% of cases, is caused by 21-hydroxylase deficiency (1, 2). 3b-Hydroxysteroid dehydrogenase type 2 deficiency (3bHSD2D) represents a rare variant of CAH and results in a salt-wasting (SW) or non-SW phenotype with impaired steroidogenesis in the adrenals and gonads.
periods of suboptimal hormonal control, inducing hypertrophy and hyperplasia of adrenallike cells within the testis (6, 7) . Recently, mixed testicular and adrenal characteristics of TARTs have been reported, challenging the sole adrenal origin of TARTs (8) . TARTs have been claimed to be the main reason for the impaired fertility seen in males with CAH (3, 6, 9) . Few reports have been published about males with 3bHSD2D and only single case reports regarding TARTs and/or fertility in this group of patients (7) . We describe a male with 3bHSD2D with large, bilateral TARTs and infertility.
Case
The patient presented in the neonatal period with severe penoscrotal hypospadias, micropenis, cryptorchidism, and bifid scrotum. The 17-hydroxyprogesterone concentrations were elevated (15 nmol/L; normal, ,5 nmol/L) in infancy. After an acute adrenal crisis at 1 month of age, he was diagnosed with SW 3bHSD2D and initiated on regular doses of sodium chloride, cortisone acetate, and fludrocortisone. There was no consanguinity family history, the patient was of Swedish ethnicity, and the karyotype was 46XY. Mutation analysis of HSD3B2 revealed a rare mutation (Cys-72-Arg in homozygote form or as compound heterozygous with deletion). He was repeatedly operated on for hypospadias and retentio testis between ages 2 and 9 years.
Bone maturity was advanced during childhood and adolescence [+2 standard deviations (SDS)], and his final height was 174.5 cm (21 SDS compared with Swedish population, 22 SDS compared with his target height). The glucocorticoid and mineralocorticoid doses were successively increased over the years to control the elevated dehydroepiandrosterone sulfate (DHEAS) (Fig. 1) and renin (highest level 442 mIU/L; normal, 2.4 to 41 mIU/L), especially after the spontaneous onset of puberty. As a result, Cushing stigmata (obesity, osteoporosis, and striae) developed. During Figure 1 . Long-term follow up in a male with 3bHSD2D deficiency. The TARTs were revealed by age 13 years, when the patient's height began to flatten (progressed bone age), and they gradually enlarged. Despite the depicted intensification in treatment (glucocorticoids and fludrocortisone), minimal response to DHEAS levels was observed. The increasing weight reflected the negative metabolic control. Finally, a bilateral orchiectomy was performed when the patient was 33 years old. The DHEAS concentrations were still markedly elevated at the last follow-up at 34 years of age.
adulthood, he was treated with prednisolone (5 to 7.5 mg/d) and fludrocortisone (0.15 mg/d) with poor effects on DHEAS levels (Fig. 1) . The paradoxically normal to high testosterone (30 nmol/L; normal, 10 to 30 nmol/L), androstenedione (12 nmol/L; normal, 1.2 to 5.0 nmol/L), and estradiol (164 pmol/L; normal, ,130 pmol/L) concentrations were attributed to peripheral conversion of DHEAS via 3b-hydroxysteroid dehydrogenase type 1 and 17b-hydroxysteroid dehydrogenase 5 enzymes. Eventually, testosterone substitution was initiated due to successive decline in testosterone (from 30 nmol/L to 11 nmol/L in 6 years) and elevated gonadotropins [LH 15 IU/L (normal, 1.2 to 9.6 IU/L); FSH 18 IU/L (normal, 1 to 12.5 IU/L)], at age 28 years.
At age 13 years, the testicular ultrasound revealed bilateral tumors (1.2 cm in diameter on the right side and 2 cm on the left side). They were described as hypoechogenic, well delimited, and normovascular. The tumors were considered TARTs and subsequently, over a 21-year follow up-period, advanced to larger, lobulated lesions, with blurred margins and hypervascularity, measuring finally 4 cm in diameter bilaterally. The normal testicular tissue was flattened to a minimal area in the periphery of the testes. A semen analysis performed at the age of 19 years to evaluate the fertility potential showed azoospermia.
Fine-needle testis biopsy with sperm aspiration detected no testis-specific tissue and no spermatogenesis, but ;100 immotile sperm with abnormal morphology could be found and were cryopreserved for future fertility treatment. Due to the high risk of permanent testicular damage, an open testis biopsy was postponed. At age 25 years, an open biopsy with enucleation of a 2.4-cm testicular tumor on the right side showed a presumed benign Leydig cell tumor with possible risk for malignant transformation. The sonographic control revealed progression, and because the patient was infertile and had discomfort, he underwent bilateral orchiectomy at age 33 years.
Histopathology
Macroscopically, the tumors were 4 cm in diameter, with a yellow to gray, lobulated to compact cut surface bilaterally. Microscopic examination showed the testicular parenchyma replaced by tumor cells with abundant, eosinophilic, slightly granulated cytoplasm and small, round to elliptical nuclei, with a loose chromatin and distinct nucleoli ( Fig. 2A) . No Reinke crystals were observed. The tumor cells were admixed with a hyaline stroma with local lymphocytic infiltrates and adipose tissue metaplasia ( Fig. 2B and 2C) , and tumor was also seen within the rete testis (the believed origin of TART; Fig. 2D ). Less than one mitosis per 10 high-power field was seen, and the proliferation index (Ki-67) was 1%. Immunohistochemical stains revealed that the tumor cells were diffusely positive for adrenal markers inhibin A, Melan A, and calretinin and focally for synaptophysin (Fig. 2E) . Partial immunoreactivity was seen for the androgen receptor. Negative staining was observed for EMA and OCT-3/4. Additional immunohistochemical markers (widespread immunoreactivity for CD56, focal for CYP11B1 and CYP11B2) supported the diagnosis of TARTs, stadium V (6) (Fig. 2F) .
Discussion
To our knowledge, this is the first detailed report of a male with 3bHSD2D, extensive bilateral TARTs, infertility, and subsequent orchidectomy. TARTs can be found in children with CAH at a frequency of~20%. Testicular ultrasounds have been recommended as the method of choice for detection and follow-up of these lesions (2) . Clinical control is less sensitive to detect lesions smaller than 2 cm (3). Five stages in the development of TARTs have been proposed (6) , and in our case, the regular ultrasound control showed similar morphological progress.
Autopsy data have indicated TARTs in CAH boys of a few week of age, and rest tumors may already be stimulated in utero when the ACTH levels are elevated (6) . Increased glucocorticoids doses can shrink the TART volume in the early stages, but continued growth can be seen when ACTH levels are suppressed. It is unknown if this is related to angiotensin II receptor stimulation, LH rise in adolescence, or other mechanisms (6) . It is known that angiotensin II has a strong trophic effect on the adrenal gland, especially on the zona glomerulosa (7, 10) .
The impaired fertility is mainly related to the occurrence of TARTs (9) . Glucocorticoid undertreatment leading to gonadotropin suppression due to increased adrenal androgen secretion and overtreatment also leading to gonadotropin suppression are additional reasons (3, 5) . The balance between under-and overtreatment has always been a challenge in patients with CAH. Semen quality has been reported to be very poor in CAH, with 100% being pathological, if all the World Health Organization criteria are considered (3).
Although testis-sparing surgery can be considered in advanced symptomatic TARTs when the conservative therapy is ineffective, 6% of males with CAH have been found to undergo unnecessary testicular surgery (3, 6) . The histological distinction between TART and Leydig cell tumor is difficult, although TARTs present bilaterally in 80% of cases, whereas Leydig cell tumors are bilateral in only 3% of cases. TARTs regularly display positivity for various adrenocortical immunohistochemical markers, which Leydig cell tumors do not. In addition, Reinke crystals are usually not seen in TARTs.
In conclusion, the clinical distinction between TARTs and Leydig cell tumors can be challenging, and it led to bilateral orchiectomy in this patient. Moreover, we show here that TARTs can be problematic in men with 3bHSD2D, a phenomenon that the practicing clinician should be aware of.
